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(54) BOUNDARY LAYER EXCITATION AFT FAN GAS TURBINE ENGINE

(57) A boundary layer ingestion engine (120, 300,
400) includes a gas generator (130, 310) and a turbine
fluidly connected to the gas generator (130, 310). A fan
(330, 406) is mechanically linked to the turbine (140, 320)
via a shaft (322) such that rotation of the turbine (140,
320) is translated to the fan (330, 406). A boundary layer

ingestion inlet (122, 342, 404) is aligned with an expected
boundary layer, such that the boundary layer ingestion
inlet (122, 342, 404) is configured to ingest fluid from a
boundary layer during operation of the boundary layer
ingestion engine (120, 300, 400).
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Description

TECHNICAL FIELD

[0001] The present disclosure relates generally to aft
fan gas turbine engines, and more specifically to an aft
fan gas turbine engine configured to energize a boundary
layer of a corresponding vehicle.

BACKGROUND

[0002] Aircraft, such as those utilized by commercial
airlines, typically include two or more gas turbine engines
mounted in or under the wings of the aircraft. The engines
generate thrust, propelling the aircraft forward and allow-
ing operation of the aircraft. A typical engine utilized in
this configuration includes a fan forward of a turbine en-
gine core, with the turbine engine core driving the rotation
of the fan either via a direct drive system or a geared
connection.
[0003] During flight, air passing over the fuselage of
the aircraft forms a boundary layer immediately adjacent
the fuselage due to friction between the air and the fuse-
lage. The boundary layer resists forward motion through
the air. In order to overcome the resistance of the bound-
ary layer, the engines are typically oversized relative to
a thrust requirement of the aircraft were the boundary
layer to not be present.

SUMMARY OF THE INVENTION

[0004] In one aspect of the present invention, a bound-
ary layer ingestion engine includes a gas generator, a
turbine fluidly connected to the gas generator, a fan me-
chanically linked to the turbine via a shaft such that ro-
tation of the turbine is translated to the fan, and a bound-
ary layer ingestion inlet. The boundary layer ingestion
inlet may be aligned with an expected boundary layer of
a surface of a vehicle, such as an aircraft, on which the
engine is to be mounted (such as a surface of a fuselage
of an aircraft), such that the boundary layer ingestion inlet
is configured to ingest fluid from a boundary layer during
operation of the boundary layer ingestion engine.
[0005] In an example of the above described boundary
layer ingestion engine the fan is positioned aft of the tur-
bine.
[0006] In another example of any of the above de-
scribed boundary layer ingestion engines the boundary
layer ingestion inlet is an inlet of a fan duct.
[0007] Another example of any of the above described
boundary layer ingestion engines further includes at least
one turbine exhaust duct connected to an exhaust outlet
of the turbine, at least a portion of the at least one turbine
exhaust duct passing radially outwards of the fan duct.
[0008] In another example of any of the above de-
scribed boundary layer ingestion engines the at least one
turbine exhaust ducts passes through the fan duct interior
and through at least one strut.

[0009] In another example of any of the above de-
scribed boundary layer ingestion engines the fan duct
and the at least one turbine exhaust duct merge aft of
the fan and fore of a flowpath outlet of the boundary layer
ingestion engine.
[0010] Another example of any of the above described
boundary layer ingestion engines further includes an
electric generator mechanically connected to the fan
such that rotation of the fan drives rotation of the electric
generator.
[0011] In another example of any of the above de-
scribed boundary layer ingestion engines the electric
generator is mechanically connected to the fan through
a clutch, and the generator is configured to rotate at a
different rotational speed than the fan.
[0012] In another example of any of the above de-
scribed boundary layer ingestion engines the boundary
layer ingestion engine is an auxiliary power unit.
[0013] In another example of any of the above de-
scribed boundary layer ingestion engines the boundary
layer ingestion engine is a tail mounted engine for an
aircraft, and wherein the aircraft includes at least two
wing mounted engines.
[0014] In another example of any of the above de-
scribed boundary layer ingestion engines the tail mount-
ed engine is sized to provide approximately 15% of a
thrust requirement during all modes of engine operation,
and the at least two wing mounted engines are sized to
provide a combined 85% of the thrust requirement during
all modes of engine operation.
[0015] In another example of any of the above de-
scribed boundary layer ingestion engines the gas gen-
erator is angled relative to an axis defined by the turbine.
[0016] In another example of any of the above de-
scribed boundary layer ingestion engines the angle of
gas generator defines a burst zone and wherein the burst
zone is characterized by a lack of intersection with es-
sential aircraft components.
[0017] In another example of any of the above de-
scribed boundary layer ingestion engines an inner wall
of the boundary layer ingestion inlet is an aircraft tail con-
nection flange.
[0018] The present invention also extends to a vehicle,
such as an aircraft, defining, in use, a boundary layer
along a surface thereof (such as a fuselage surface,
and/or a tail section) and comprising a boundary layer
ingestion engine as described in the above aspect or any
of the examples/embodiments thereof.
[0019] In another aspect of the present invention, a
method for energizing a boundary layer of a vehicle in-
cludes ingesting a portion of the boundary layer at a fan
inlet of a turbine engine, thereby driving the boundary
layer to move relative to an aircraft fuselage.
[0020] In an example of the above described method
for energizing a boundary layer of a vehicle, ingesting a
portion of the boundary layer includes ingesting a bound-
ary layer at a tail section of the vehicle.
[0021] In another example of any of the above de-
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scribed methods for energizing a boundary layer of a
vehicle, the turbine engine is an aft fan turbine engine,
and ingesting a portion of the boundary layer at the tur-
bine engine inlet is achieved by driving rotation of a fan
using a turbine motor, the fan being positioned aft of the
turbine motor.
[0022] Another example of any of the above described
methods for energizing a boundary layer of a vehicle fur-
ther includes operating the turbine engine as an Auxiliary
Power Unit in at least one mode of vehicle operations.
[0023] Another example of any of the above described
methods for energizing a boundary layer of a vehicle fur-
ther includes preventing windmilling of a fan of the turbine
engine via natural resistance of an electric generator con-
nected to the fan.
[0024] Another example of any of the above described
methods for energizing a boundary layer of a vehicle fur-
ther includes preventing windmilling of a fan of the turbine
engine via driving rotation of an electric generator con-
nected to the fan in a direction opposite the direction of
windmilling.
[0025] These and other features of the present inven-
tion can be best understood from the following specifica-
tion and drawings, the following of which is a brief de-
scription.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

Figure 1 illustrates an exemplary aircraft including
an aft fan gas turbine engine for boundary layer ex-
citation.
Figure 2 schematically illustrates a zoomed, partially
transparent, view of a tail section of the exemplary
aircraft of Figure 1.
Figure 3 schematically illustrates an exemplary aft
fan gas turbine engine.
Figure 4 schematically illustrates a cross section of
the aft fan gas turbine engine of Figure 3.
Figure 5 schematically illustrates an isometric view
of an aft fan gas turbine engine connection to an
aircraft.
Figure 6 schematically illustrates a partially exploded
view of the aft fan gas turbine engine.
Figure 7 schematically illustrates an exemplary ex-
haust duct connection for an aft fan turbine engine.

DETAILED DESCRIPTION OF AN EMBODIMENT

[0027] Figure 1 schematically illustrates an exemplary
aircraft 100 including two conventional, wing mounted
gas turbine engines 110, and a tail mounted aft fan tur-
bine engine 120. During flight operations, such as during
a cruise mode of operations, a boundary layer forms
along the surface of the fuselage 102. The boundary layer
creates drag and resists forward motion of the aircraft
100. Conventional aircrafts size the engines 110 to over-

come the boundary layer drag during operation of the
aircraft. This oversizing of the engine 110 can result in
decreases in the efficiency of the engine operation.
[0028] In the example of Figure 1, the tail mounted en-
gine 120 is an aft fan engine, and includes a fan aft of a
free-turbine. An engine inlet 122 causes boundary layer
air to enter a fan duct of the engine 120. The rotation of
the aft fan is driven by the free-turbine and ingests the
boundary layer, thereby actively energizing the boundary
layer. Energizing the boundary layer refers to causing
the boundary layer to move, relative to the fuselage, and
reduces or eliminates the drag resistance generated by
the boundary layer. As a result of the energization of the
boundary layer, the wing mounted engines 110 can be
sized smaller, operate at an increased efficiency, or both.
[0029] In some examples, the aft fan engine 120 can
generate up to 15% of the required thrust power, as well
as energizing the boundary layer. In such an example,
the wing mounted engines 110 can be downsized to a
corresponding 85% of the size that would be required
absent the aft fan engine 120. In alternative examples,
the aft fan engine 120 can be sized to only provide suf-
ficient airflow to energize the boundary layer, and the
corresponding wing mounted engines 110 can be oper-
ated at increased efficiency while still maintaining the
same size as a standard configuration.
[0030] In yet further examples, the gas generator,
which drives the aft fan engine 120, can be configured
to operate as an Auxiliary Power Unit (APU) for the air-
craft 100.
[0031] With continued reference to Figure 1, and with
like numerals indicating like elements, Figure 2 schemat-
ically illustrates a zoomed in view of the aft fan engine
120 of Figure 1. The aft fan engine 120 includes the above
described fan inlet 122 configured to ingest a boundary
layer, and is encompassed by an aerodynamic fairing
124. A gas generator 130 is positioned fore of the fan
inlet 122, within the fuselage 102 of the aircraft 100. Com-
pressed gas from the gas generator 130 drives rotation
of a free-turbine 140, which in turn drives rotation of the
fan (hidden) aft of the turbine 140. A turbine exhaust is
ducted through one or more struts 150 in the inlet, and
passed to an exhaust port aft of the fan. The exhaust
duct runs through the fairing 124, radially outward of the
fan duct. The gas generator 130 can be any known gas
generator type, and is not required to be in line with the
turbine motor 140.
[0032] With continued reference to Figures 1 and 2,
Figure 3 schematically illustrates an isometric view of an
example aft fan gas turbine engine 300 according to one
embodiment. Similarly, Figure 4 schematically illustrates
a cross sectional view of the aft fan gas turbine engine
300 of Figure 3, along an axis defined by a turbine motor
320. A gas generator 310 is positioned fore of the turbine
motor 320, and provides pressurized gas to the turbine
motor 320. The turbine motor 320 is connected to a fan
330 via a shaft 322. In the illustrated example, the gas
generator 310 is a two spool gas generator. In alternative
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examples, alternative gas generator types may be uti-
lized to the same effect.
[0033] A fan duct 340 includes an inlet 342, and is de-
fined by an inner duct wall 344 and the outer fairing 346.
The fan duct 340 further includes an outlet 348 that expels
air aft of the fan 330. The inner duct wall 344 includes an
interface flange that interfaces the aft fan engine 300 with
the fuselage of the aircraft on which the aft fan engine
300 is mounted, and maintains the engine 300 in position
relative to the fuselage.
[0034] Also included in the engine 300 is a turbine ex-
haust duct 350 that connects an exhaust outlet 324 from
the turbine motor 320 to the fan duct outlet 348. The
exhaust gasses from the turbine motor 320, and the air
from the fan duct 340 are mixed and expelled simultane-
ously. The exhaust ducts 350 pass through the fan duct
340 through multiple struts 352, and proceed through the
radially outward fan ducting 354 to the outlet 348.
[0035] In some examples, such as the example of Fig-
ures 3 and 4, an electrical generator 360 can be further
connected to the shaft 322, and generate electrical en-
ergy via rotation of the shaft 322. In some examples, the
electrical generator 360 is directly connected to the shaft
322. In other examples, the electrical generator 360 is
connected to the shaft via a clutch, and can be geared
to rotate at a different speed than the shaft 322. While
illustrated herein as being positioned aft of the fan 330,
one of skill in the art will appreciate that, in alternate ex-
amples, the electrical generator 360 can be positioned
at any position along the shaft 322 and is not limited to
being positioned aft of the fan 330.
[0036] In alternative examples, the electrical generator
360 is sized to absorb power from the fan 330, and pre-
vent the fan 330 from windmilling during takeoff and land-
ing, or during any other mode of operations. In such a
case, electrical energy can be actively supplied to the
electrical generator 360 from a power source applying
rotational force opposite a direction of windmilling, or the
natural resistance to rotation of the electrical generator
360 can prevent rotation of the fan 330, depending on
the specific configuration of the electrical generator 360
being utilized and of the aft fan engine.
[0037] While illustrated in the examples of Figures 3
and 4 as being in line with the turbine motor, one of skill
in the art, having the benefit of this disclosure, will ap-
preciate that the gas generator 310 need not be in line
with the turbine motor 320. In such an example, the gas
generator 310 can be angled, relative to an axis defined
by the turbine motor 320, and shifted radially, relative to
the axis, within the fuselage of the aircraft. This angling
and shifting allows an area surrounding the gas generator
310 susceptible to burst damage during a catastrophic
failure of the gas generator 310 to be controlled, and
prevents the area from intersecting with any vital ele-
ments of the aft fan engine 300, or any other essential
operational elements of the aircraft. This area is referred
to as the "burst zone".
[0038] With continued reference to Figures 1-4, Figure

5 schematically illustrates a connection of an aft fan en-
gine 400 to a tail section 450 of an aircraft. As with some
current aircraft constructions, the tail section includes a
vertical tail stabilizer 452, and an aft fuselage bulkhead
454 below the vertical stabilizer 452. A flange 402 of the
aft fan engine 400 interfaces with the aft fuselage bulk-
head 454 via any known interfacing or mounting system.
The flange 402 forms the radial internal surface of a
boundary layer ingestion inlet 404. Due to the position of
the boundary layer ingestion inlet 404, a boundary layer
immediately adjacent the surface of the fuselage 456 is
ingested into the fan duct, and driven through the aft fan
engine via a fan 406.
[0039] As the flange 402 based interconnection inter-
faces with standard tail section architecture, the aft fan
engine 400 can be connected to, and operate on, existing
aircraft without requiring substantial modification of the
existing aircraft architecture. In doing so, the existing air-
craft can recognize the benefit of an energized boundary
layer through increased efficiency of the primary engines,
and through decreased thrust requirements during oper-
ation.
[0040] With continued reference to Figure 5, Figure 6
illustrates the engine 400 of Figure 5 connected to the
tail section 450, with a fairing 460 removed for illustrative
purposes. Interior to the fairing 460 is a ducting system
470. The ducting system 470 protrudes through structural
struts 458 and is connected to an exhaust from the turbine
motor 320 (See Figure 3). Each exhaust duct in the duct-
ing system 470 is connected to multiple exhaust mixers
472 positioned aft of the fan 406. The exhaust mixers
472 direct a portion of exhaust from the corresponding
exhaust duct 470 into a fanstream aft of the fan 406,
where the exhaust is mixed with the ingested boundary
layer air, and subsequently expelled from the aft fan en-
gine 400.
[0041] With continued reference to Figure 6, Figure 7
schematically illustrates the connection between the
ducting 470 and the exhaust mixers 472 in a closer view.
As will be appreciated by one of skill in the art, the ducting
system 470 includes multiple primary ducts 474, each of
which splits into multiple branches 476. Each of the
branches 476 connects with a corresponding exhaust
mixer 472, which injects the exhaust gasses into the pri-
mary flowpath of the aft fan engine 400. By mixing the
two air streams in this manner, the turbulence resulting
from the different velocities of the airstreams is reduced,
as well as accompanying noise. In the illustrated exam-
ple, the exhaust mixers 472 are distributed evenly about
the circumference of the aft fan engine 400. In alternative
examples, the spacing can be uneven, depending on the
specific desired characteristics of the exhaust mixing. In
yet further examples, the ducting 470 can be directed
through fan exit guide vanes, or other non-structural turn-
ing vanes in the fanstream.
[0042] While illustrated and described herein with ref-
erence to an aircraft turbine engine, one of skill in the art
will appreciate that the described aft fan turbine engine
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can be utilized in alternative environments, such as a
marine environment, where fluids other than air are driv-
en through the fan. In such an example, the boundary
layer ingested by the fan is comprised of the ambient
fluid of the environment.
[0043] It is further understood that any of the above
described concepts can be used alone or in combination
with any or all of the other above described concepts.
Although an embodiment of this invention has been dis-
closed, a worker of ordinary skill in this art would recog-
nize that certain modifications would come within the
scope of this invention. For that reason, the following
claims should be studied to determine the true scope and
content of this invention.

Claims

1. A boundary layer ingestion engine (120, 300, 400)
comprising:

a gas generator (130, 310);
a turbine (140, 320) fluidly connected to the gas
generator (130, 310);
a fan (330, 406) mechanically linked to the tur-
bine (140, 320) via a shaft (322) such that rota-
tion of the turbine (140, 320) is translated to the
fan (330, 406); and
a boundary layer ingestion inlet (122, 342, 404)
configured to be aligned with an expected
boundary layer, such that said boundary layer
ingestion inlet (122, 342, 404) is configured to
ingest fluid from a boundary layer during oper-
ation of the boundary layer ingestion engine
(120, 300, 400).

2. The boundary layer ingestion engine (120, 300, 400)
of claim 1, wherein the fan (330, 406) is positioned
aft of the turbine (140, 320).

3. The boundary layer ingestion engine (120, 300, 400)
of claim 1 or 2, wherein the boundary layer ingestion
inlet (122, 342, 404) is an inlet of a fan duct (340).

4. The boundary layer ingestion engine (120, 300, 400)
of claim 3, further comprising at least one turbine
exhaust duct (350) connected to an exhaust outlet
(324) of the turbine (140, 320), at least a portion of
the at least one turbine exhaust duct (350) passing
radially outwards of the fan duct (340).

5. The boundary layer ingestion engine (120, 300, 400)
of claim 3 or 4, wherein a or the at least one turbine
exhaust duct (350) passes through the fan duct in-
terior and through at least one strut (150, 352, 458).

6. The boundary layer ingestion engine (120, 300, 400)
of claim 4 or 5, wherein said fan duct (340) and said

at least one turbine exhaust duct (350) merge aft of
said fan (330, 406) and fore of a flowpath outlet (348)
of the boundary layer ingestion engine (120, 300,
400).

7. The boundary layer ingestion engine (120, 300, 400)
of any preceding claim, further comprising an electric
generator (360) mechanically connected to said fan
(330, 406) such that rotation of the fan (330, 406)
drives rotation of the electric generator (360), and
optionally wherein said electric generator (360) is
mechanically connected to said fan (330, 406)
through a clutch, and said generator (360) is config-
ured to rotate at a different rotational speed than said
fan (330, 406).

8. The boundary layer ingestion engine (120, 300, 400)
of any preceding claim, wherein the boundary layer
ingestion engine (120, 300, 400) is an auxiliary pow-
er unit.

9. The boundary layer ingestion engine (120, 300, 400)
of any preceding claim, wherein the boundary layer
ingestion engine (120, 300, 400) is a tail mounted
engine for an aircraft (100), and optionally said air-
craft (100) includes at least two wing mounted en-
gines (110), and further optionally the tail mounted
engine is sized to provide approximately 15% of a
thrust requirement during all modes of engine oper-
ation, and the at least two wing mounted engines
(110) are sized to provide a combined 85% of the
thrust requirement during all modes of engine oper-
ation.

10. The boundary layer ingestion engine (120, 300, 400)
of any preceding claim, wherein the gas generator
(130, 310) is angled relative to an axis defined by
the turbine (140, 320), and optionally the angle of
the gas generator (130, 310) defines a burst zone
and the burst zone is characterized by a lack of
intersection with essential aircraft components.

11. The boundary layer ingestion engine (120, 300, 400)
of any preceding claim, wherein an inner wall (344)
of said boundary layer ingestion inlet (122, 342, 404)
is an aircraft tail connection flange (402).

12. A method for energizing a boundary layer of a vehicle
(100) comprising ingesting a portion of the boundary
layer at a fan inlet (122, 342, 404) of a turbine engine
(120, 300, 400), thereby driving the boundary layer
to move relative to an aircraft fuselage (102).

13. The method of claim 12, wherein:

ingesting a portion of the boundary layer com-
prises ingesting a boundary layer at a tail section
(450) of the vehicle (100); and/or
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the turbine engine (120, 300, 400) is an aft fan
turbine engine, and ingesting a portion of the
boundary layer at the turbine engine inlet (122,
342, 404) is achieved by driving rotation of a fan
(330, 406) using a turbine motor (140, 320), the
fan (330, 406) being positioned aft of the turbine
motor (140, 320).

14. The method of claim 12 or 13, further comprising
operating the turbine engine (120, 300, 400) as an
Auxiliary Power Unit in at least one mode of vehicle
operation.

15. The method of claim 12, 13 or 14, further comprising
preventing windmilling of a or the fan (330, 406) of
the turbine engine (120, 300, 400) via:

a natural resistance of an electric generator
(360) connected to said fan (330, 406); or
driving rotation of an electric generator (360)
connected to said fan (330, 406) in a direction
opposite the direction of windmilling.
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